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(54) Optical scanner used in color image- �forming device

(57) An optical scanner used for an image- �forming
device to form a color image includes a plurality of pho-
tosensitive drums for superimposing a developer image
formed on each of the plurality of photosensitive drums.
The optical scanner includes a casing, a plurality of light
sources, a deflector, an optical system, and a storage
device. The plurality of light sources is provided in a one-
to-�one correspondence with the plurality of photosensi-
tive drums. Each of the plurality of light source emits a

laser beam. The deflector is provided in the casing for
deflecting the laser beam. The optical system is provided
in the casing for guiding the deflected laser beam to a
corresponding one of the plurality of photosensitive
drums to make the laser beam scan the corresponding
one of the plurality of photosensitive drums. The storage
device stores a characteristic related to the laser beam
scanning the corresponding one of the photosensitive
drums.
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Description

TECHNICAL FIELD

�[0001] The present invention relates to an optical scan-
ner for scanning a laser beam, and an image-�forming
device employing the optical scanner.

BACKGROUND

�[0002] An electrophotographic image-�forming device
well known in the art, such as a laser printer, forms im-
ages on a recording medium by exposing a photosensi-
tive drum to a laser beam emitted from an optical scanner
(scanning device) to carry a developer image on the pho-
tosensitive drum, and by transferring the developer im-
age from the photosensitive drum to the recording me-
dium such as a sheet or a transparency.
�[0003] A color laser printer includes a plurality of pho-
tosensitive drums corresponding to each color employed
in the printer. After the scanning device scans each pho-
tosensitive drum, forming an electrostatic latent image
on the photosensitive drum, developer is supplied to the
latent image to form a developer image on the photosen-
sitive drum. Subsequently, a color image is formed on a
recording medium by superimposing each of the devel-
oper images on the recording medium (see Japanese
patent application publication No. 2006-178372).
�[0004] As is clear from the above description, if the
electrostatic latent images are not formed precisely on
the photosensitive drums when the drums are exposed
by the scanning device, color registration problems will
appear in the resulting image formed on the recording
medium.
�[0005] Further, the scanning device has an optical
scanning system configured of a polygon mirror or other
deflector, fθ lenses, and reflecting mirrors for guiding a
laser beam emitted from a light source configured of a
semiconductor lasers to the photosensitive drum. Hence,
the laser beam scanned over the photosensitive drum is
greatly affected by the dimensional tolerance, mounted
positions, and adjustment tolerance of the deflector and
the optical scanning system.
�[0006] Normally, the effects of variations in the dimen-
sions of the deflector and the optical scanning system
and variations in the mounting positions of the same can
be absorbed by measuring properties of the laser beam
scanned over the photosensitive drum (the scanning lin-
earity of scan line and trajectory of scan line) with a spe-
cial measuring device and by adjusting the timing for
emitting the laser beam based on the results of the meas-
urement.
�[0007] However, since the laser emitting timings of the
laser beams must be adjusted based on the results of
measuring properties related to the laser beam (herein-
after referred to as laser beam properties) after the scan-
ning device is mounted in the printer, the scanning device
cannot easily be replaced or repaired.

�[0008] In other words, it is difficult to replace of repair
the scanning device without taking the device to a service
center equipped with the measuring device required for
measuring laser beam properties (hereinafter referred to
as a special service center). Hence, if the laser printer is
already in the possession of the end-�user, for example,
the end-�user must transport the printer to a special serv-
ice center to replace or repair the scanning device, mak-
ing it difficult to provide the end-�user with prompt main-
tenance and service.

SUMMARY

�[0009] In view of the foregoing, it is an object of the
present invention to provide an optical scanner used for
an image-�forming device which is easily replaced and
adjusted to the image-�forming device.
�[0010] The present invention provides an optical scan-
ner used for an image-�forming device to form a color
image, the image-�forming device having a plurality of
photosensitive drums for superimposing a developer im-
age formed on each of the plurality of photosensitive
drums. The optical scanner includes a casing, a plurality
of light sources, a deflector, an optical system, and a
storage device. The plurality of light sources is provided
in a one- �to-�one correspondence with the plurality of pho-
tosensitive drums. Each of the plurality of light source
emits a laser beam. The deflector is provided in the cas-
ing for deflecting the laser beam. The optical system is
provided in the casing for guiding the deflected laser
beam to a corresponding one of the plurality of photo-
sensitive drums to make the laser beam scan the corre-
sponding one of the plurality of photosensitive drums.
The storage device stores a characteristic related to the
laser beam scanning the corresponding one of the pho-
tosensitive drums.
�[0011] The present invention provides An image-�form-
ing device, having a main casing, a sheet feed unit, an
image-�forming unit, an optical scanning unit, and a con-
troller. The sheet feed unit is provided in the main casing
that feed a sheet in a sheet feed direction. The image-
forming unit is provided in the main casing. The image-
forming unit includes omprising a plurality of photosen-
sitive drums for superposing a developer image formed
on each of the photosensitive drums to form a color image
on a recording medium. The plurality of photosensitive
drums is arranged in series in the sheet feed direction.
The optical scanning unit is provided in the main casing.
The optical scanning unit includes a casing, a plurality of
light sources, a deflector, an optical system, and a stor-
age device. The plurality of light sources is provided in a
one-�to-�one correspondence with the plurality of photo-
sensitive drums. Each of the plurality of light source emits
a laser beam. The deflector deflects the laser beam. The
optical system is provided in the casing for guiding the
deflected laser beam to a corresponding one of the plu-
rality of photosensitive drums to make the laser beam
scan the corresponding one of the plurality of photosen-
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sitive drums in a scanning direction orthogonal to the
sheet feed direction. The storage device is provided in
the casing that stores a characteristic related to the laser
beam scanning the corresponding one of the photosen-
sitive drums. The controller controls emission of the laser
beam for exposing the corresponding one of the plurality
of photosensitive drums according to the characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0012] The particular features and advantages of the
invention as well as other objects will become apparent
from the following description taken in connection with
the accompanying drawings, in which:
�[0013] Fig. 1 is a side cross-�sectional view showing a
color laser printer according to the present invention;
�[0014] Fig. 2 is a side cross-�sectional view showing a
scanning unit according to the first embodiment;
�[0015] Fig. 3 is a plan view showing the scanning unit
according to a first embodiment;
�[0016] Fig. 4 is a block diagram showing a control sys-
tem of the laser printer;
�[0017] Fig. 5 is a flowchart illustrating a control process
executed by the controller when the laser printer is acti-
vated;
�[0018] Fig. 6 is a diagram showing a unit for measuring
a scanning linearity of a scan line;
�[0019] Fig. 7 is a diagram showing actual trajectory of
the scan line;
�[0020] Fig. 8 is a diagram illustrating a deviation in a
sub-�scanning direction between a start position for ex-
posure for each scan line and a reference positions;
�[0021] Fig. 9 is a diagram illustrating deviations in the
start point for exposure;
�[0022] Fig. 10 is a diagram illustrating a deflected laser
beam by a polygon mirror;
�[0023] Fig. 11 is a timing chart illustrating start points
for exposure by two laser beams; and
�[0024] Fig. 12 is a plan view showing a scanning unit
according to a second embodiment.

DETAILED DESCRIPTION

�[0025] In the following description, an optical scanner
according to the present invention will be described, be-
ing applied to an electrophotographic color image-�form-
ing device (color laser printer). The expressions "front",
"rear", "above" and "below" are used throughout the de-
scription to define the various parts when the image-�form-
ing device is disposed in an orientation in which it is in-
tended to be used.
�[0026] Referring to Fig. 1, a laser printer 100 includes
a casing 103 having a substantially box-�like shape (cu-
bical shape). A discharge tray 105 is formed on the top
surface of the casing 103 for receiving and supporting a
recording medium, such as paper or transparency sheets
(hereinafter simply referred to as paper), discharged from
the casing 103 after printing.

�[0027] The laser printer 100 includes an image- �form-
ing unit 200 for forming images on paper, and a feeding
unit 300 for supplying paper to the image-�forming unit
200 in a paper feeding direction together with a conveying
mechanism 350. The conveying mechanism 350 con-
veys paper to four process cartridges 500K, 500Y, 500M,
and 500C (hereinafter collectively referred to as process
cartridges 500) in the image-�forming unit 200.
�[0028] After the image-�forming unit 200 has formed an
image on the paper, an intermediate conveying roller 380
conveys the paper upward along a discharge chute (not
shown). The discharge chute changes the conveying di-
rection substantially 180 degrees. A discharge roller 390
is disposed on the upper end of the discharge chute to
discharge the paper through a discharge outlet 107 onto
the discharge tray 105.
�[0029] The feeding unit 300 includes a paper tray 301
accommodated in the bottommost section of the casing
103, a feeding roller 303 disposed above the downstream
end of the paper tray 301 with respect to the conveying
direction of the paper for feeding the paper from the paper
tray 301 to the image-�forming unit 200, and a separating
pad 305 for applying a prescribed resistance to the paper
so that the paper fed by the feeding roller 303 is separated
and conveyed one sheet at a time.
�[0030] The feeding roller 303 conveys paper toward
the front side of the casing 103 from the paper tray 301.
The conveyed paper subsequently follows a U-�shaped
path and is conveyed to the image-�forming unit 200 dis-
posed substantially in the center region of the casing 103.
�[0031] In the substantially U-�shaped section of the pa-
per-�conveying path leading from the paper tray 301 to
the image-�forming unit 200, a conveying roller 307 is pro-
vided for applying a conveying force to the paper. And a
pinch roller 309 is disposed in opposition to the conveying
roller 307 for pressing the paper against the conveying
roller 307. A coil spring or other elastic member (not
shown) is provided for pressing the pinch roller 309 to-
ward the conveying roller 307.
�[0032] A registration roller 311 and a pinch roller 313
are disposed facing each other downstream of the con-
veying roller 307 in the paper-�conveying direction. The
registration roller 311 and pinch roller 313 correct skew
in the paper conveyed by the conveying roller 307 when
the leading edge of the paper contacts the registration
roller 311 and pinch roller 313, and subsequently the reg-
istration roller 311 continues to convey the paper to the
image-�forming unit 200. A coil spring or other elastic
member (not shown) is provided for pressing the pinch
roller 313 against the registration roller 311.
�[0033] The conveying mechanism 350 includes a drive
roller 351 that rotates in association with the operation
of the image-�forming unit 200, a follow roller 353 disposed
in a position separated from the drive roller 351 and ca-
pable of rotating, and a conveying belt 355 stretched
around the drive roller 351 and follow roller 353.
�[0034] The conveying belt 355 moves circularly along
with the rotation of the drive roller 351 and follow roller
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353. When a sheet of paper is conveyed from the paper
tray 301 onto the conveying belt 355, the circularly mov-
ing conveying belt 355 sequentially conveys the sheet to
the four process cartridges 500K, 500Y, 500M, and 500C
in the front-�to- �rear direction of the laser printer 100.
�[0035] In this embodiment, a belt cleaner 360 is dis-
posed on the underside of the conveying mechanism 350
for removing waste toner deposited on the surface there-
of.
�[0036] The image-�forming unit 200 has a scanning unit
400, the process cartridges 500, and a fixing unit 600.
The image- �forming unit 200 is configured of a direct tan-
dem system capable of printing color images.
�[0037] More specifically, the four process cartridges
500K, 500Y, 500M, and 500C corresponding to the four
toner colors black (K), yellow (Y), magenta (M), and cyan
(C) are juxtaposed in the order given with respect to the
paper- �conveying direction.
�[0038] Since the four process cartridges 500K, 500Y,
500M, and 500C have the same construction, differing
only in the color of toner employed, the process cartridges
500K, 500Y, 500M, and 500C are collectively referred to
as the process cartridges 500 in the following description.
�[0039] The scanning unit 400 functions to irradiate a
laser beam onto a photosensitive drum 510, forming an
electrostatic latent image on the surface of the photosen-
sitive drum 510.
�[0040] As shown in Fig. 1, the scanning unit 400 is
disposed in the casing 103 above the process cartridges
500. The scanning unit 400 emits four laser beams to the
photosensitive drums 510 through the bottom surface of
the scanning unit 400.
�[0041] As shown in Fig. 3, the four laser beams are
emitted by semiconductor lasers 401K, 401Y, 401M, and
401C (hereinafter collectively referred to as semiconduc-
tor lasers 401). Collimator lenses 402K, 402Y, 402M, and
402C (hereinafter collectively referred to as collimator
lenses 402) are disposed on the light-�irradiating sides of
the respective semiconductor lasers 401 for correcting
divergent light rays emitted from the respective semicon-
ductor lasers 401 into a beam of parallel rays.
�[0042] Hence, the semiconductor lasers 401 and col-
limator lenses 402 constitute light sources 403 for emit-
ting beams of light. Therefore, the semiconductor lasers
401 and collimator lenses 402 are referred to together
as the light sources 403 in the following description, and
the light sources 403 are referred to individually as light
sources 403K, 403Y, 403M, and 403C.
�[0043] The light source 403K functions to irradiate a
light beam onto a photosensitive drum 510K of the proc-
ess cartridge 500K (see Fig. 2), the light source 403Y
functions to irradiate a light beam onto a photosensitive
drum 510Y of the process cartridge 500Y, the light source
403M functions to irradiate a light beam onto a photo-
sensitive drum 510M of the process cartridge 500M, and
the light source 403C functions to irradiate a light beam
onto a photosensitive drum 510C of the process cartridge
500C.

�[0044] The scanning unit 400 also includes a mirror
404K for deflecting the light beam emitted from the light
source 403K at approximately 90 degrees to direct the
light beam to a cylindrical lens 405A, and a mirror 404M
for deflecting the light beam emitted from the light source
403M at approximately 90 degrees to direct the light
beam to a cylindrical lens 405B.
�[0045] Light guiding members (not shown) are dis-
posed on the far side of the mirrors 404K and 404M in
Fig. 3 for guiding the light beam emitted from the light
source 403Y to the cylindrical lens 405A and for guiding
a light beam emitted from the light source 403C toward
the cylindrical lens 405B.
�[0046] The cylindrical lens 405A refracts the light
beams emitted from the light sources 403K and 403Y
and guided to the cylindrical lens 405A, irradiating the
light beams at different angles of incidence from each
other onto reflecting surfaces of a polygon mirror 406.
Similarly, the cylindrical lens 405B refracts the light
beams emitted from the light sources 403M and 403C
and guided to the cylindrical lens 405B, irradiating the
light beams at different angles of incidence from each
other onto reflecting surfaces of the polygon mirror 406.
�[0047] The polygon mirror 406 is a deflector for deflect-
ing and scanning a light beam emitted from the light
source 403. In this embodiment, the polygon mirror 406
is configured of a plurality of reflecting mirrors arranged
in a polygonal shape (hexagonal shape in this embodi-
ment) in a cross section, and is rotatable about a central
axis thereof. A drive motor (not shown) rotates the poly-
gon mirror 406 to scan the light beam reflected from the
reflecting surface of the polygon mirror 406 over a pre-
determined length.
�[0048] The scanning unit 400 also includes fθ lenses
407A and 407B (hereinafter collectively referred to as fθ
lenses 407) for adjusting the scanned velocity of the laser
beam. Specifically, the fθ lenses 407 correct the velocity
of the laser beam scanned in the left-�to-�right direction in
Fig. 3 (main scanning direction) by the polygon mirror
406 from a constant angular velocity to a constant linear
velocity over the photosensitive drums 510. It is noted
that the main scanning direction is orthogonal to the pa-
per feeding direction and a sub-�scanning direction is par-
allel to the paper feeding direction.
�[0049] As shown in Fig. 2, after each the fθ lens 407
converts the scanning speed of the light beam, the light
beam is focused on the respective photosensitive drum
510 by optical members configured of a plurality of mir-
rors 410-419, and toric lenses 420K, 420Y, 420M, and
420C (hereinafter collectively referred to as toric lenses
420).
�[0050] The curvature of the toric lenses 420 differs be-
tween the main scanning direction and sub-�scanning di-
rection of the light beam and functions to correct face
tangle error by deflecting in the sub-�scanning direction
the light beam reflected by the polygon mirror 406 in a
direction different from the prescribed direction.
�[0051] With the scanning unit 400 having the above
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construction, each light source 403 irradiates a laser
beam based on image data. These laser beams pass
through the cylindrical lenses 405A and 405B (hereinaf-
ter collectively referred to as cylindrical lenses 405), are
deflected and scanned by the polygon mirror 406, are
converted to a constant linear scanning velocity by the
fθ lenses 407, are reflected onto different optical axes by
the mirrors 410-419, and are subsequently irradiated out
of the scanning unit 400 through the toric lenses 420 and
focused on the photosensitive drums 510.
�[0052] Referring to Fig. 2 again, the mirror 410 does
not reflect all light beams. Specifically, the mirror 410
reflects the light beam emitted from the light source 403C
to the mirror 411, while deflecting and transmitting the
light beam emitted from the light source 403K to the mirror
413.
�[0053] The scanning unit 400 also includes a casing
430 for accommodating the polygon mirror 406, the mir-
rors 410-419, the fθ lenses 407, and the toric lenses 420
and for protecting these components from dust.
�[0054] The casing 430 is configured of a scanner frame
431 on which the mirrors 410-419, the toric lenses 420,
and the like are mounted and fixed; and a scanner cover
432 covering the side of the scanner frame 431 opposite
the process cartridges 500. The scanner frame 431 and
scanner cover 432 are formed of a PC/ABS polymer alloy
through injection molding.
�[0055] As shown in Fig. 3, a beam detect (BD) sensor
421 is disposed in the casing 430 for detecting the light
beam deflected and scanned by the polygon mirror 406.
The timing for beginning exposure of each photosensitive
drum 510 is controlled based on the timing at which the
BD sensor 421 detects the light beam.
�[0056] Specifically, the laser printer 100 determines
that the laser beam is guided to an edge of an image-
forming region on the photosensitive drum 510 in the
scanning direction when a prescribed time has elapsed
after the BD sensor 421 detects the laser beam. At this
time, the controller 110 sends a video signal into the re-
spective semiconductor laser 401 for forming an electro-
static latent image on the respective photosensitive drum
510.
�[0057] Since the four process cartridges 500 have the
same construction, differing only in the color of toner em-
ployed, the process cartridge 500C will be described in
detail below to explain the structure of the process car-
tridges 500.
�[0058] As shown in Fig. 1, the process cartridge 500
is detachably provided in the casing 103 beneath the
scanning unit 400. Each process cartridge 500 includes
the photosensitive drum 510, a charger 520, and a toner-
accommodating section 530, all accommodated in a cas-
ing 560.
�[0059] The photosensitive drum 510 is formed of a
photosensitive material for carrying an image to be trans-
ferred onto paper. The photosensitive drum 510 is con-
figured in a cylindrical shape, the outermost surface of
which is coated with a positive-�charging photosensitive

layer of polycarbonate. The photosensitive drum 510 is
rotatable about a center axis thereof. The center axis
extends orthogonally to the paper feeding direction.
�[0060] The charger 520 functions to charge the surface
of the photosensitive drum 510. The charger 520 is dis-
posed in opposition to the photosensitive drum 510 at a
position diagonally above and rearward of the same and
is separated from the photosensitive drum 510 by a pre-
scribed distance.
�[0061] The charger 520 is a Scorotron charger having
a charging wire formed of tungsten. The charging wire
generates a corona discharge for charging the surface
of the photosensitive drum 510 with a uniform positive
polarity.
�[0062] A transfer roller 570 is disposed in opposition
to each photosensitive drum 510 so that the conveying
belt 355 is interposed therebetween. The transfer roller
570 rotates in association with the circular movement of
the conveying belt 355. As a sheet of paper passes by
each of the photosensitive drums 510, the respective
transfer rollers 570 apply a charge opposite to the polarity
of the photosensitive drums 510 (a negative charge in
this embodiment) to the paper for transferring toner car-
ried on the photosensitive drum 510 onto the paper.
�[0063] The toner-�accommodating section 530 in-
cludes a toner-�accommodating chamber 531 accommo-
dating toner, a supply roller 532 for supplying toner to
the photosensitive drum 510, and a developing roller 533.
The toner-�accommodating section 530 can be detached
from the main body of the process cartridge 500.
�[0064] The supply roller 532 rotates to supply toner
from the toner- �accommodating chamber 531 to the de-
veloping roller 533 so that toner is carried on the surface
of the developing roller 533. A thickness- �regulating blade
534 regulates the thickness of the layer of toner on the
developing roller 533 to a prescribed uniform thickness.
Subsequently, the toner on the developing roller 533 is
supplied to the photosensitive drum 510 exposed by the
scanning unit 400.
�[0065] The fixing unit 600 is disposed on the rear side
of the process cartridge 500C in the paper-�conveying
direction and functions to fix toner onto the paper by melt-
ing the toner with heat.
�[0066] More specifically, the fixing unit 600 includes a
heating roller 610 disposed on the printing side of the
paper for heating the toner while providing a conveying
force to the paper. A pressure roller 620 is disposed on
the opposite side of the paper from the heating roller 610
for pressing the paper against the heating roller 610.
�[0067] The heating roller 610 is driven to rotate in syn-
chronization with the developing rollers 533 and the con-
veying belt 355. The pressure roller 620 receives the ro-
tational force of the heating roller 610 through the paper
contacting the heating roller 610 and follows the rotation
of the same.
�[0068] The image-�forming unit 200 forms images on
paper as follows. As the photosensitive drums 510 rotate,
the chargers 520 charge the surfaces of the photosensi-
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tive drums 510 with a uniform positive polarity. Subse-
quently,� the scanning unit 400 irradiates laser beams on-
to the photosensitive drums 510 in a high-�speed scan,
thereby forming electrostatic latent images on the pho-
tosensitive drums 510 corresponding to an image to be
formed on paper.
�[0069] As the developing rollers 533 rotate, the posi-
tively charged toner on the developing rollers 533 comes
into contact with the respective photosensitive drums
510. At this time, the toner is supplied to the electrostatic
latent images on the photosensitive drums 510, i.e. re-
gions of the photosensitive drums 510 carrying a uni-
formly positive charge that have been exposed by the
laser beam and, therefore, have a lower potential. The
supplied toner develops the electrostatic latent images
into visible images according to a reverse development
process so that toner images are carried on the surfaces
of the photosensitive drums 510.
�[0070] Subsequently, the toner images on the photo-
sensitive drums 510 are transferred onto the paper by
the transfer bias applied to the transfer rollers 570. Next,
the paper is conveyed to the fixing unit 600, where the
toner image formed by toner on the paper is fixed to the
paper by heat, thereby completing image formation.
�[0071] Referring to Fig. 4, the laser printer 100 includes
a controller 110 in the casing 103 to control the image-
forming unit 200, the feeding unit 300, and the scanning
unit 400. The scanning unit 400 is provided with a sem-
iconductor laser driving circuit 441 for controlling each
semiconductor laser 401 to emit light, a polygon motor
driving circuit 442 for driving the polygon motor to rotate,
the BD sensor 421, and a ROM 443 configured of flash
memory or another semiconductor storage device for
storing information indicating characteristics related to
the laser beams scanned over the photosensitive drum
510 (hereinafter referred to as laser beam characteris-
tics).
�[0072] The controller 110 reads output signals from
the BD sensor 421 and the laser beam characteristics
stored in the ROM 443. The controller 110 is a micro-
computer configured of a CPU, ROM, and RAM. The
controller 110 controls the image-�forming unit 200 and
the like based on programs stored in the ROM. The con-
troller 110 controls the image-�forming unit 200, feeding
unit 300, semiconductor laser driving circuit 441, and pol-
ygon motor driving circuit 442 based on the output signals
from the BD sensor 421 and the laser beam character-
istics.
�[0073] Referring to Fig. 5, when the laser printer 100
is started, the controller 110 operates according to a con-
trol process shown in Fig. 5. When the power to the laser
printer 100 is turned on, in S10 the controller 110 initial-
izes parameters (variables) for controlling the laser print-
er 100. In S20 the controller 110 reads the laser beam
characteristics from the ROM 443 and stores the char-
acteristics in the RAM of the controller 110.
�[0074] The next description will be made for explaining
an expose process. After the photosensitive drum 510 is

exposed to the laser beam scanning in the main scanning
direction to form an electrostatic latent image on the pho-
tosensitive drum 510, toner is supplied to the photosen-
sitive drum 510 to form a toner image thereon. Generally,
the laser beam scanning in the main scanning direction
makes a scan line extending straight in the main scanning
direction. Next, the toner images formed on the photo-
sensitive drums 510K, 510Y, 510M, and 510C are trans-
ferred onto the paper so as to be superimposed over
each other, forming a color image.
�[0075] At this time, the controller 110 controls the start
timing of the laser emission (exposure timing) of the sem-
iconductor lasers 401 based on the elapsed time after a
reference timing, the reference timing being the timing
at which the BD sensor 421 detects the laser beam.
Hence, when the scanning velocity of scan line on the
photosensitive drums differs among the photosensitive
drums 510, the position corresponding to the same por-
tion of the image to be formed also differ among the pho-
tosensitive drums 510, resulting in color registration prob-
lems when the toner images are transferred onto the pa-
per.
�[0076] Therefore, it is preferable to produce the same
scanning velocity of the scan lines and the same linearity
of the scan lines for all photosensitive drums 510.
�[0077] However, the linearity of the scan line generally
depends on a manufacture error of the fθ lenses 407,
polygon mirror 406, and casing 430, error in mounting
these components, and rotational irregularity of the pol-
ygon motor.
�[0078] Therefore, the scanning unit 400 has scanning
linearity data stored in the ROM 443 for each of the pho-
tosensitive drums 510 inspected by the manufacturer up-
on completion of the scanning unit 400. The controller
110 corrects the laser-�emitting timing of the semiconduc-
tor laser 401 based on the scanning linearity data stored
in the ROM 443 to prevent discrepancies in the positions
of toner images to be formed as the images on the paper.
�[0079] Generally, the light beam characteristics are
measured by mounting the scanning unit 400 in a special
measuring instrument after the scanning unit 400 is as-
sembled.
�[0080] As shown in Fig. 6, a scan line on the photo-
sensitive drum 510 has been divided into a plurality of
sections, and the ROM 443 stores scanning times for
each section of the scan line as the scanning linearity.
In this embodiment, the width dimension of the paper
(scanning width) is divided into four sections, and the
time required to scan each section of the scanning width
is stored in the ROM 443.
�[0081] The photosensitive drum 510 is exposed to the
laser beam scanned along a scan line following the axial
direction of the photosensitive drum 510. If the scan line
follows a curved or sloped path, the toner image formed
on the photosensitive drum 510 is distorted, thereby re-
ducing the quality of the image formed on the paper.
�[0082] Therefore, the trajectories of the scan lines are
stored in the ROM 443. The controller 110 corrects the
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laser-�emitting timing (exposure timing) of the semicon-
ductor lasers 401 based on the trajectories of scan lines
stored in the ROM 443 to prevent distortion in the toner
images.
�[0083] As shown in Fig. 7, the ROM 443 stores values
indicating the amount of deviation from a reference po-
sition in the sub-�scanning direction (a direction orthogo-
nal to the main scanning direction) at the points of division
between the plurality of segments in the scanning range
as the trajectory of the scan line. It is noted that the ref-
erence position is an ideal position for the laser beam to
scan on the photosensitive drum 510 in order to form the
image without any distortion or color registration prob-
lems.
�[0084] Since the photosensitive drums 510 are juxta-
posed in the paper-�conveying direction, the start point of
the exposure process is offset for each of the photosen-
sitive drums 510 for the same position of the image. How-
ever, since the controller 110 forms a color image on
paper by superimposing toner images formed on all of
the photosensitive drums 510, an actual start position of
each scan line for the exposure process on each photo-
sensitive drum 510 is required to overlap the reference
position for all scan lines.
�[0085] Hence, in this embodiment, a prescribed posi-
tion L0 is set as the reference position on the photosen-
sitive drum 510K, as shown in Fig. 8. Then, the amount
of deviation between reference positions L1-L3 on the
photosensitive drums 510C, 510M, and 510Y that corre-
spond to the prescribed position L0 on the photosensitive
drum 510K. The start of scan position for the respective
scan lines are stored in the ROM 443 as the trajectories
of the scan lines.
�[0086] In this embodiment, the laser beam reflected
from the same reflecting surface of the polygon mirror
406 is treated as one unit, and the laser emitting timing
of the semiconductor laser 401 is calibrated to correct
deviations between the start of scan position of the scan
lines and the reference positions L0-L3.
�[0087] Since the start of the exposure process is de-
termined for each photosensitive drum 510 based on
when the BD sensor 421 detects the laser beam, the start
point of the exposure process for each photosensitive
drum 510 is required to correspond to the same position
on the conveyed paper.
�[0088] Specifically, the scan lines scanned by the
scanning unit 400 run parallel to the recording surface of
the paper and orthogonal to the paper- �conveying direc-
tion. Further, the controller 110 forms color images on
paper by superimposing toner images formed on each
of the photosensitive drums 510. Therefore, the position
at which exposure is begun on each photosensitive drum
510 must the same position relative to the paper.
�[0089] When there is deviation among positions on the
paper corresponding to the start position of the exposure
process for the photosensitive drums 510, the toner im-
ages transferred onto the paper will be offset from each
other, producing color registration problems in the result-

ing image.
�[0090] Therefore, the start point of the exposure proc-
ess for each photosensitive drum 510 is stored in the
ROM 443. Fig. 9 is an explanatory diagram illustrating
deviations in the start point of the exposure process. The
controller 110 corrects the laser emitting timings of the
semiconductor lasers 401 based on the start point of the
exposure process for the respective photosensitive
drums 510 stored in the ROM 443 to prevent problems
in color registration in the resulting image formed on the
paper.
�[0091] Since the number of BD sensors 421 is less
than the number of photosensitive drums 510, a refer-
ence timing is defined as the timing at which the BD sen-
sor 421 detects a specific laser beam (the laser beam
guided to the photosensitive drum 510K), unlike when a
BD sensor is provided for each laser beam guided to the
photosensitive drums 510. The start timing of the expo-
sure process for each photosensitive drum 510 is estab-
lished based on elapsed time after the reference timing.
�[0092] Referring to Figs. 10 and 11, the polygon mirror
406 is configured of six reflecting surfaces arranged in a
polygonal shape. The respective reflecting surfaces are
designated as A, B, C, D, E, and F in a clockwise direction.
When the BD sensor 421 detects a laser beam A reflected
by the reflecting surface at the time to, the laser beam A
is controlled to start scanning over a predetermined ex-
posure region based on video signals after the time
amount of T1 has elapsed from the time to.
�[0093] On the other hand, a light beam E reflected by
a reflecting surface E is controlled to scanning over a
predetermined exposure region based on video signals,
after the time amount of T2 (>T1) has elapsed from the
time to.
�[0094] In this embodiment, the polygon mirror 406 is
configured of six reflecting surfaces A, B, C, D, E, and F
to deflect and angularly move the laser beams emitted
from the light sources 403 by means of the rotation there-
of. Accordingly, if an angle formed by the adjacent re-
flecting surfaces deviates from the design value, the po-
sition of the light beam E on the photosensitive drum 510
after the time period T2 has elapsed from the time t0 is
deviated from the design value. Consequently, the elec-
trostatic latent image formed by the light beam E may be
out of a proper position.
�[0095] In this embodiment, an angle θ1 is an angle
formed by the normals of the adjacent reflecting surfaces
of the polygon mirror 406, and stored in the ROM 443 as
the laser beam characteristics. The controller 110 cor-
rects the start timing of the exposure process based on
the actual value of the angle θ1.
�[0096] In this embodiment, an angle θ2 (see Fig. 10)
is formed by the normal of the reflecting surface A de-
flecting the laser beam toward the BD sensor 421 and
the normal of the reflecting surface E. Accordingly, it is
preferable that the angle θ2 is (2n/n) x m +/- ∆θ. The
polygon mirror 406 is configured so that the absolute val-
ue of ∆θ is smaller than 25.4/�(r�f). Preferably, ∆θ is con-
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siderably smaller than 2n/n. In the above formula,
�[0097] n: number of reflecting surfaces (6 in this em-
bodiment)
�[0098] m: a natural number in the range of 1 ≤ m ≤ (n-
1) (2 in this embodiment)
�[0099] ∆θ: manufacture error angle (rads) formed by
adjacent reflecting surfaces of the polygon mirror
�[0100] f: focal length (mm) of the fθ lenses 407
�[0101] r: resolution (dpi; 600 dpi, for example)
�[0102] If the absolute value of ∆θ is more than or equal
to 25.4/�(r�f), the color image formed on the paper may
have a color registration problem, which results in the
degradation in the image quality of the color image on
the paper.
�[0103] Since the laser beam characteristics are stored
in the ROM , a service technician or even an end-�user
can replace or repair the scanning unit 400 easily, without
requiring a special measuring instrument for measuring
the laser beam characteristics. Hence, the technician or
end-�user can easily repair the laser printer 100, without
needing to take the laser printer 100 to a special service
center.
�[0104] Further, since the laser beam characteristics
are stored in the ROM 443 of the scanning unit 400, even
if the laser beam characteristics are measured on a spe-
cial assembly line (at the factory) when assembling the
scanning unit 400, the manufacturer need not re-�meas-
ure the laser beam characteristics on an assembly line
after completing assembly of the laser printer 100. The
laser emitting timings of the semiconductor lasers 401
can be automatically adjusted by reading the laser beam
characteristics from the ROM 443. Hence, the number
of steps required for assembling the laser printer 100 can
be reduced, thereby improving productivity and reducing
the unit cost of manufacturing the laser printer 100.
�[0105] Further, by configuring the ROM 443 of a sem-
iconductor, more data can be stored than when the light
beam characteristics are stored as barcodes or other
storing means. The controller 110 can easily and readily
use the laser beam characteristics. The manufacturing
and maintenance of the scanning unit 400 can be easily
performed.
�[0106] Further, by accommodating the polygon mirror
406 and fθ lenses 407 in a single casing 430, the light
beam characteristics stored in the ROM 443 can include
the relative positional deviations among the laser beams,
unlike a laser printer provided with scanning units for
each color (each photosensitive drum 510). Hence, the
ROM 443 can store light beam characteristics reflecting
the actual usage state of the laser printer 100.
�[0107] Since the laser emitting timings of the semicon-
ductor lasers 401 can be more suitably adjusted, the laser
printer 100 can improve the quality of images formed on
paper.
�[0108] Further, since the single polygon mirror 406 de-
flects and scans all four laser beams emitted from four
light sources 403, the laser printer 100 can reduce the
amount of data that is stored as laser beam characteris-

tics, thereby requiring less capacity for the ROM 443 than
when a plurality of polygon mirrors 406 are provided.
�[0109] When employing the single polygon mirror hav-
ing a plurality of reflecting surfaces as the deflector, the
polygon mirror 406 may be configured to deflect and scan
all laser beams emitted from the plurality of light sources
403 from two different reflecting surfaces simultaneously
or from the same reflecting surface. However, the method
of deflecting and scanning the laser beams with the same
reflecting surface necessarily lengthens the optical path
of the laser beams from the light sources 403 to the pho-
tosensitive drums 510, making it difficult to design the fθ
lenses 407.
�[0110] The technique for simultaneously deflecting
and scanning laser beams from two different reflecting
surfaces facilitates the design of the fθ lenses 407. How-
ever, the laser emitting timings of the light sources 403
is required to be controlled with great precision, because
the laser beams are simultaneously deflected and
scanned by two different reflecting surfaces.
�[0111] Since the deflector is the polygon mirror 406
having a plurality of reflecting surfaces and functioning
to deflect and scan the laser beams simultaneously using
two different reflecting surfaces, the design of the fθ lens-
es 407 is simplified, but the characteristics of the laser
beams differ among the photosensitive drums 510 due
to the manufacturing errors in the fθ lenses 407. There-
fore, the laser emitting timing of the light sources 403 is
required to be controlled with great accuracy.
�[0112] However, in addition to facilitating the design of
the fθ lenses 407, the laser emitting timing of the light
sources 403 can be controlled with great accuracy since
the laser beam characteristics corresponding to each of
the photosensitive drums 510 are stored in the ROM 443.
�[0113] The second embodiment will be described as
follows. In this embodiment, the scanning unit has a plu-
rality of polygon mirrors (deflectors). Referring to Fig. 12,
the scanning unit 400 has two polygon mirrors; a first
polygon mirror 406A and a second polygon mirror 406B.
�[0114] Referring to Fig. 12, the first polygon mirror
406A deflects and scans two laser beams to be guided
to the photosensitive drums 510K and 510C, while the
second polygon mirror 406B deflects and scans the other
two laser beams to be guided to the photosensitive drum
510K and 510C.
�[0115] In addition to the laser beam characteristics de-
scribed above, the ROM 443 stores data related to rota-
tional error between the polygon mirrors 406A and 406B.
The rotational error is stored because the electrostatic
latent images formed with laser beams scanned by the
first polygon mirror 406A and electrostatic latent images
formed with laser beams scanned by the second polygon
mirror 406B may be offset when the rotational periods of
the polygon mirrors 406A and 406B differ. The rotation
of the polygon mirror 406A is required to be synchronized
with the rotation of the polygon mirror 406B.
�[0116] In the above embodiment, the polygon mirror
is used as the deflector. However, any rotatable deflector
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for deflecting a laser beam can be used in the present
invention. For example, a resonant scanner or a galvano
scanner can be used as a deflector.
�[0117] Further, in the present invention, a BD sensor
can be provided for the respective light sources 403,
thereby determining the start timing of the exposure proc-
ess for each laser beam.
�[0118] While the invention has been described in detail
with reference to specific embodiments thereof, it would
be apparent to those skilled in the art that many modifi-
cations and variations may be made therein without de-
parting from the spirit of the invention, the scope of which
is defined by the attached claims.

Claims

1. An optical scanner used for an image-�forming device
to form a color image, the image- �forming device hav-
ing a plurality of photosensitive drums for superim-
posing a developer image formed on each of the
plurality of photosensitive drums, comprising:�

a casing;
a plurality of light sources in a one- �to-�one cor-
respondence with the plurality of photosensitive
drums, each of the plurality of light source emit-
ting a laser beam;
a deflector provided in the casing for deflecting
the laser beam;
an optical system provided in the casing for guid-
ing the deflected laser beam to a corresponding
one of the plurality of photosensitive drums to
make the laser beam scan the corresponding
one of the plurality of photosensitive drums; and
a storage device that stores a characteristic re-
lated to the laser beam scanning the corre-
sponding one of the photosensitive drums.

2. The optical scanner according to claim 1, wherein
the deflector comprises a single deflector that de-
flects all of the laser beams to respective ones of the
plurality of photosensitive drums.

3. The optical scanner according to claim 2, wherein
the single deflector is a rotatable polygon mirror hav-
ing a plurality of reflecting surfaces, at least two of
the plurality of reflecting surfaces simultaneously de-
flecting and angularly moving the laser beam, re-
spectively, and
the optical system further comprises a scanning lens
that makes the laser beam scan on the correspond-
ing one of the plurality of photosensitive drums at a
constant linear velocity.

4. The optical scanner according to claim 1, wherein
the storage device stores a linearity of a scan line
provided by the laser beam scanning on the corre-

sponding one of the plurality of photosensitive drums
as the characteristic.

5. The optical scanner according to claim 4, wherein
the scan lines are divided into a plurality of segments,
and the storage device stores a scanning time for
which the laser beam scans each segment, as the
characteristic.

6. The optical scanner according to claim 1, wherein
the storage device stores a trajectory of the scan line
as the characteristic.

7. The optical scanner according to claim 4, wherein
the scan lines are divided into a plurality of segments,
and the storage device stores a position of the scan
line in a sub- �scanning direction for each of the plu-
rality of segments as the trajectory.

8. The optical scanner according to claim 1, further
comprising an optical sensor that detects the laser
beam deflected by the deflector, wherein
the storage device stores a start timing for the laser
beam to start exposing the corresponding one of the
plurality of photosensitive drums after the optical
sensor detects the laser beam.

9. The optical scanner according to claim 3, wherein
each of the plurality of reflecting surfaces has a nor-
mal, and the storage device stores an angle formed
by the normals of adjacent ones of the plurality of
reflecting surfaces.

10. The optical scanner according to claim 1, wherein
the deflector comprises at least two deflectors that
deflect the laser beam, each of the at least two de-
flectors being a rotatable polygon mirror having a
plurality of reflecting surfaces, each of the plurality
of reflecting surfaces having a normal, and
the storage device stores an angle formed by the
normals of adjacent ones of the plurality of reflecting
surfaces.

11. The optical scanner according to claim 10, wherein
the at least two deflectors rotate in synchronization
with each other, the storage device stores a rotation-
al error between the at least two deflectors.

12. The optical scanner according to claim 1, wherein
the storage device is made from a semiconductor
chip.

13. The optical scanner according to claim 3, further
comprising a single optical sensor for detecting the
laser beam deflected and scanned by the deflector
at a reference position, wherein
one of the plurality of reflecting surfaces has a first
normal to deflect the laser beam emitted from one

15 16 



EP 1 892 946 A1

10

5

10

15

20

25

30

35

40

45

50

55

of the plurality of light sources to the single optical
sensor, another of the plurality of reflecting surfaces
has a second normal to deflect the laser beam emit-
ted from another of the plurality of light sources to-
ward an opposite side of the single optical sensor
with respect to the rotatable polygon mirror, and
an angle formed by the first normal and the second
normal satisfies a following formula: 

where n is a number of the plurality of reflecting sur-
faces, m is a natural number within a range of 1 ≤ m
≤ (n- �1) , and ∆θ is a manufacture error angle (rad)
of adjacent ones of the plurality of reflecting surfaces;
and
∆θ has an absolute value less than 25.4/�(r � f), where
f is a focal length (mm) of the scanning lens, and r
is a resolution (dpi).

14. An image-�forming device, comprising:�

a main casing:�

a sheet feed unit provided in the main casing
that feed a sheet in a sheet feed direction;
an image- �forming unit provided in the main
casing, the image- �forming unit comprising
a plurality of photosensitive drums for su-
perposing a developer image formed on
each of the photosensitive drums to form a
color image on a recording medium, the plu-
rality of photosensitive drums being ar-
ranged in series in the sheet feed direction;
an optical scanning unit provided in the main
casing, the optical scanning unit compris-
ing: �

a casing;
a plurality of light sources in a one- �to-
one correspondence with the plurality
of photosensitive drums, each of the
plurality of light source emitting a laser
beam;
a deflector that deflects the laser beam;
an optical system provided in the cas-
ing for guiding the deflected laser beam
to a corresponding one of the plurality
of photosensitive drums to make the la-
ser beam scan the corresponding one
of the plurality of photosensitive drums
in a scanning direction orthogonal to
the sheet feed direction; and
a storage device provided in the casing
that stores a characteristic related to
the laser beam scanning the corre-

sponding one of the photosensitive
drums; and

a controller that controls emission of the la-
ser beam for exposing the corresponding
one of the plurality of photosensitive drums
according to the characteristic.

15. The image-�forming device according to claim 14,
wherein the controller reads the characteristic from
the storage device when the image-�forming unit is
activated.

16. The image-�forming device according to claim 14,
wherein the laser beam scans on the corresponding
one of the plurality of photosensitive drums to make
a scan line thereon in the scanning direction, and
the characteristic includes at least one of a deviation
of the scan line from the scanning direction and a
sub-�scanning direction orthogonal to the scanning
direction, a scan time required for the laser beam to
scan a unit length of the corresponding one of the
plurality of photosensitive drums, a manufacturing
error of the deflector.

17. The image-�forming device according to claim 14,
wherein the optical scanning unit is detachably
mounted to the main casing.
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